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Abstract— The volume of the data and information traffic 
generated in warehouse management operations is extremely 
high. They are driven by such frequent events as attempts to 
locate inventory status files, associated inventory location 
and integration of specific customer order status tables (such 
as order payment, and order fulfillment status). The 
information technology infrastructure required to handle 
large data volume is expensive with additional cost for 
complex operations, limiting the operations of small 
businesses. In addition, any compromise with the 
infrastructure design may have further implications on the 
data storage and retrieval affecting productivity. In this 
research, we seek to investigate the feasibility of a Cloud-
based warehouse management system (WMS) that 
continuously and autonomously captures “RFID” tagged 
inventory and distributes data handling processes. The 
purpose of this research paper is to investigate a RFID based 
WMS (R-WMS) application for mobile devices, including 
smart phones (such as iPhone, Android, Microsoft Mobile 
Phone, HTC smart phone, Blackberry, etc) and other 
handhold smart devices (such as iPad and some 
light/portable TabletPC) exchanging real-time information 
through the cloud which is being used to make near optimal 
decisions and send information back in an acceptable time 
period. In order to research these possibilities, there is a need 
to investigate the capacity and dynamic adjustment of 
workloads for reducing costs and saving energy. Further 
development of a mobile application of such data intensive 
operations necessitates exclusive multiple regression data 
manipulating techniques to provide the most critical 
information for decision makers. The broader impact of this 
research paper is the enhancement of mobile user 
capabilities driving improved productivity. This research 
will also add to the development of novel warehouse 
management techniques impacting world-wide business 
operations helping to realize the world is flatter than 
anticipated. Further, this multi-disciplinary research will 
enhance the Computer Science, Industrial and Systems 
Engineering curriculums by providing greater exposure to 
emerging areas in supply chain management, mobile 
computing, operations research, and cloud architecture and 
computing. The intellectual merit from this research will 
include ramifications on cloud-based mobile computing, 
which is the future of modern business operations. This 
research will train undergraduate and graduate students 
from both computer science and industrial engineering in the 
field of supply chain, logistics, mobile computing, and cloud 
computing. 
Keywords— RFID WMS, Mobile applications; Cloud 
Computing; 
1. Introduction 
Warehouse Management System (WMS) is software that 
has been designed to provide instructions to the end-user 
on the many warehouse activities needed for fulfilling 
customer’s orders. The volume of the data and 
information traffic generated in warehouse management 
operations can be extremely high. They are driven by such 
frequent events as attempts to locate inventory status files, 
the associated inventory location and the integration of 
specific customer order status tables (such as order 
payment and order fulfillment status). The information 
technology infrastructure required to handle the large data 
volume can be expensive and the cost of the software to 
manage complex warehouse operations may be very high 
and can limit the adoption of these systems by small 
businesses. In addition, any change to the infrastructu e 
design or software may have further implications on the 
data storage and retrieval productivity of the system and 
ultimately limit the system functionality for the end user. 
In this research, we suggest using web based cloud 
computing infrastructure for meeting the computing needs 
of warehouse management systems (WMS) designed for 
mobile applications. We seek to investigate limiting and 
optimizing the WMS subroutines required for the mobile 
application through identifying the required activities for 
small business operations and capitalizing on Radio 
Frequency Identification (RFID) technologies. We 
theorize that as user demand increases, the cloud service 
provider could instantly scale up the huge required 
resources. This lowers organizational overhead of 
investing on new infrastructure, training new personnel, 
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and getting licenses for new software. The users would 
use Web services for running the application or stoing the 
data in the cloud only when necessary and then will pay 
for only what they use. The users do not have to worry 
about the maintenance of the networks and servers due to 
the fact they do not own the platform, infrastructure and/or 
software in the cloud. They access multiple servers and 
storage media stored somewhere around the globe and do 
not know where they are and which ones they are using. 
The resources are allocated and de-allocated on demand. 
The goal of this research paper is to develop an 
interactive framework of mobile application that supports 
and develop computing of a data-driven warehouse 
management system through cloud architecture. This 
research goal will be addressed through the following 
specific objectives. Firstly, we have been trying to
investigate the feasibility of radio frequency identification 
(RFID) technologies for inventory location and work 
optimization for warehouses as well as attempting to 
identify the key functionalities of warehouse process s 
both from development and end user perspectives to 
develop a mobile application for operational efficiency. 
Moreover, the proposed methodology can help identify the 
limitations of the minimal functionality provided to the 
RFID WMS Mobile application with an enhanced Cloud 
Computing Infrastructure. In this research, we have 
performed a comparative analysis among three different 
picking methods such as Voice picking, Pick to light and 
Mobile RFID Warehouse management System based on 
Cloud Computing by using multiple linear regression 
analysis procedure. Multiple linear regression is used as 
tool in analyzing the significance of two predictor 
variables i.e. Number of Picks (X1) and Quantity of SKUs 
picked (X2) in determining the total labor cost. 40 days of 
data on above two factor variable and one response 
variable has been taken from ABC Inc. Corp. has been 
taken as a reference. This analysis has been used to 
Benchmark Cloud Computing Performance Categories 
Relative to Warehouse Management. 
By addressing these specific objectives, we seek to 
investigate a RFID based WMS (R-WMS) application for 
mobile devices, including smart phones (such as iPhone, 
Android, Microsoft Mobile Phone, HTC smart phone, 
Blackberry, etc) and other handheld smart devices (such 
as iPad and some light/portable Tablet PC) exchanging 
real-time information through the cloud which is helpful 
to make near optimal decisions and send information back 
in an acceptable time period. 
2. Background 
2.1 Warehouse Management System 
Warehouse Management Systems (WMS) are decision 
support systems that utilize complex algorithms to direct 
personnel to perform warehouse tasks such as receiving, 
stocking, picking, packing and shipping of inventory. 
Similar to Enterprise Resource Systems (ERP), WMS are 
comprised of different software applications and / or 
subroutines that access multiple databases to perform 
different functions. For example, there may be a software 
application that identifies the location of a person who is 
stocking inventory in a rack so that it can determine the 
next task he must complete based on his proximity to 
other inventory, while another routine is identifying the 
amount of inventory that has been placed in the rack so 
that it can determine the amount of inventory that can be 
chosen or picked out of that location by another employee, 
and another routine that may determine what order 
inventory should be acquired so that all of the inventory 
picked that day will have time to be loaded at the s ipping 
dock. WMS systems oftentimes transmit granular data to 
ERP inventory modules so that the back office tasks such 
as accounting can be performed. They differ with ERPs in 
that they use many complex subroutines to tell the 
warehouse personnel exactly what to do and where to go 
through the use of scanners and or handheld devices. Th y 
are considered execution systems. WMS systems have 
been driving large complex operations for large business 
for over thirty years. The typical savings for WMS 
systems in operations with over 20 personnel is typically 
greater than 20% through labor reduction and reduction of 
excess inventory. Smaller companies oftentimes need th  
benefits of these types of systems in their warehouse and 
distribution operations but the cost and the complexity of 
these systems limit their adoption of these systems. 
Often the complexity of some of these systems 
contributes to small businesses not being able to use these 
systems. For example, these systems have the ability to 
control complex conveyor systems, Automated and 
Storage Retrieval Systems (AS/RS), and robotic picking 
systems. We theorize that the cost and the complexities of 
these systems can be reduced for the small business 
through using modern technology. Then later as the 
organization needs the complexity it can leverage th
power of the cloud computing and network computing o 
scale up to the more complex systems. 
2.2 RFID and RTLS Localization 
RFID is defined as the process of identifying an object by 
means of radio frequency transmission. Items can be 
tracked, identified, sorted, and detected in a wide variety 
of applications only limited by a person’s imaginaton. 
Although, the applications of RFID include an endless 
amount of possibilities, there are three distinct application 
groups of RFID: item tagging and tracking, transfer of 
further data, and localization. 
RFID works via electromagnetic communication 
between a reader (interrogator) and a tag (transponder). A 
tag is attached to an object with some internal memory 
storage which contains information about the object, such 
as a serial number, manufacture date, or other infomation 
that might be important to the object. A reader emits an 
electromagnetic field and when a tag enters the field, it 
transmits back the information stored on the tag. In 
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general, when the reader emits a radio frequency signal, 
any corresponding tag within range of the reader will
detect the signal. Once a tag has verified the signal, it 
replies back to the reader indicating its presence. A second 
major application of RFID technology involves not only 
retrieving an identity from a tag, but also reading and 
writing data. Some products may provide instructions for 
operation or handling; for instance, food tags could 
instruct an oven the optimal cooking time or temperature. 
The third application, localization, is a mechanism for 
discovering spatial relationships between objects. 
Localization is accomplished by ranging, which is the 
process of determining the distance between objects.  
Localization for RFID is the focus of this paper. Radio 
enabled localization has been used for medical supply 
tracking, finding lost golf balls, and determining the 
location of hospital patients. Triangulation methods are 
generally implemented where distances from static 
reference readers are measured. The continuous 
monitoring of movable items using the localization 
techniques is referred to as a Real Time Location System 
(RTLS). RTLS systems are typically active systems (using 
battery operated tags) to detect presence and location 
within a 2D coordinate system (XY position only, not 
height).  
Most current RTLS systems rely on the signal strength 
as an indicator for distance approximation. The system 
works by using received signal strength indications 
between multiple access points throughout the tracking 
area. This provides accuracy indoors of 3 to 9 feet (0.91m 
to 2.74m). The system does not cause any interferenc  to 
the existing network traffic because the tag communicates 
only about 60 bytes of data per location update. The tags 
generally require a 4-6V power source. The tags have built 
in accelerometers and can be configured to identify and 
report tag location every time it is moved. Active RFID 
RTLS and infrared (IR) systems generally have a read 
range of up to 10 meters. Some passive RFID RTLS 
systems have reported accuracies within 0.6 m of the 
actual location using advanced statistical models from 
data collected from multi-reader configurations. 
2.3 RFID and WMS 
For efficient warehouse operation, it is critical to identify 
the optimum order waves (order grouping) and wave ord r 
release schedules that will minimize order picking labor as 
it influences how customer orders are organized and
presented in software that is used for distribution 
operations. Grouping orders into logical sets is commonly 
called wave batching. These grouping algorithms allow 
for picking and labor to be coordinated with other 
operations, such as shipping, to optimize functions i  
distribution centers. For example, orders may be picked in 
reverse delivery order so shipping trailers are loaded 
optimally. The first order picked goes into the back of the 
trailer to be delivered last. The importance of order wave 
batching is critical in high speed operations, but inventory 
inaccuracies can reduce the quality of these batching of 
orders and reduce their effectiveness. Specifically, we 
seek to influence order bid process within the network 
schema defined as the framework in which order agents 
compete against one another for resources to meet th ir 
specific goals, described as the bid process in the 
negotiation schema. The real-time ability of RFID to 
provide inventory accuracy and identify secondary 
location of the inventory immediately can improve the 
accuracy of the wave batches. 
Generally, complex WMS systems use barcode 
scanners that emulate the screen of different modules of 
the software. Barcode systems are currently being 
upgraded to RFID based scanning due to the current 
adoption of RFID tags in Logistic operations. Currently 
many readers are being upgraded to read both the Barcode 
and RFID tags. Using RFID instead of the barcode allows 
operations to capitalize on the labor savings of not having 
to see the barcode to capture the location and confirmation 
of the inventory. For example, in a typical “Bucket 
Brigade” pick to belt operation utilizing a WMS system, 
the workers are assigned zones in which they pick 
inventory. After the inventory for an order in one zone has 
been captured by one worker, they move the order 
container (case or pallet) to the next worker to select the 
inventory in their zone. When inventory is inaccurate, the 
worker often takes excessive trips within a zone and often 
moves the container to the next without the correct 
inventory. RFID technologies can reduce labor in two 
ways. First, RTLS can provide a triangulated location of 
the order selector and optimize his/her travel path based 
on the selector's current real-time position, not assumed 
work area. Next, real-time inventory status updates (such 
as damaged, missing, or spoiled inventory) can be 
incorporated into the order picking schedule to allow 
workers to bypass inventory locations with bad inventory. 
The promise of these two RFID functions can save 
operations labor and provide extreme flexibility in 
directing distribution labor. Thus, the contribution of 
RFID systems to the overall logistics model is expected to 
produce significant contributions in the three areas 
mentioned above: 1) inventory reduction with respect to 
safety stock reduction, 2) optimization of order grouping 
and releases, and 3) and labor reduction with respect to 
picking and stocking labor. The contribution to this body 
of knowledge is significant in that it will allow the 
intelligent based aspects of RFID to be introduced to 
research models. The broader impacts to companies are 
that it will introduce and quantify the real-world effects of 
reducing the inventory bull-whip effects in supply chains, 
further optimizing orders in the supply chain, meeting 
customer services, and reducing operational labor costs. 
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 The incorporation of RFID system in warehouse 
operation has implied a significant change in warehouse 
procedures.  Rawal (2010) established that the changes for 
the use of RFID technology begin with the fact of 
processing the information in real time and automation of 
the activities. The benefit could be summarized as the 
capacity to process a big amount of data, decrease the 
labor cost, and increase accuracy in collecting and 
processing the information. Furthermore, RFID represents 
the opportunity to improve the production planning 
control in the warehouse with advances in the control of 
demand and supply planning. These are in direct rela ion 
with activities as pick, pack and ship control.  
Bukchin addressed the design of an assembly system 
facility consisting of multiple assembly lines of different 
shapes [32]. To achieve this, a facility layout problem was 
solved using an MIP formulation that models each line as 
a set of rectangular sub-lines. The efficiency frontier 
approach was applied to analyze the trade-off between 
facility area and the transportation distance and an 
algorithm with the ability to generate a set of efficient 
solutions was presented. The resulting approach was
recommended to provide solutions to small-to-moderate-
sized problems using a reasonable amount of 
computational effort in order to enable designers to ee the 
whole picture and consider complex trade-offs betwen 
facility area costs and material handling costs. Larger 
problems were left to heuristic approaches that needed 
further research at the time. Later a number of techniques 
were used to solve the Facility Layout Problem (FLP) 
such as the SLP. The companies looked systems more 
productive and efficient. Generally, these systems have a 
direct connection with the generation of new layout 
designs. Hammad expresses that “The evaluation of the 
production system efficiency in the factory is essential for 
meeting the growing demand of customers with respect to 
design and size of the housing product. It is imperative to 
explore alternative layout designs that would be more 
efficient and productive.  
We believe using RFID in our paper is important not
only, because it is currently being adopted and reduc s 
costs for small business. It also provides an opportunity to 
locate the user of the reader. This localization capability or 
Real time location system ability will allow the researcher 
to re-optimize the worker location and minimize the 
computing needs for the WMS software application. There 
are several research challenges to this problem specific to 
the RFID technologies including the type of tags that can 
be utilized to perform these RTLS functions.  
2.4 Cloud Computing 
Cloud computing is a sophisticated three-layer 
infrastructure as shown in Figure 1 that provides on-
demand computing for anyone within a network 
connection using a third party service.  
 
Figure 1. Cloud Computing Reference Architecture [34] 
The advantage of using a cloud is the accessibility of 
the data and application from anywhere, at any time, and 
with any web-allowed device. This feature of the cloud 
eliminates the costs and complexity associated with 
acquiring and managing any information infrastructure. 
Cloud computing also provides scalable and elastic 
computing resources that are served from the shared 
resource pool, the resources being physical or virtual zed 
resources. However, these resources should be available to 
consumers with integrated dynamic resource scheduling 
strategies for proper allocation of resources across the 
network.  
Cloud computing allows organizations to run custom 
applications through platform as a service (PaaS) that
offers storage, computing power, and network 
infrastructure as a service along with runtime environment 
for compiled application code. The advantage of PaaS 
over other service types is that only the application code 
needs to be uploaded, configured, and run, which 
eliminates the need to upload virtual machines. Microsoft 
provides PaaS service as Microsoft Azure Platform with 
Windows Azure as the runtime environment. Windows 
Azure provides a Windows-based environment to compute 
and store services for cloud applications. This feature 
allows programmers to develop applications using 
ordinary Windows-compatible languages (Visual Basic, 
C++, C#, Java, Python, or others that can generate 
Windows binaries) or Web applications (ASP.NET, PHP, 
Windows Communication Foundation (WCF)). The 
database management system is a Microsoft SQL Server, 
which is the most common one used in RFID applications. 
The Windows Azure Platform not only provides a strong 
cloud offering for Windows/.NET applications but also for 
some dynamic language applications. The services ar 
provided at a competitive market price with a flexible Pay 
As You Go plan. Only the custom code needs to be built 
and uploaded to the Cloud rather than building and 
loading virtual host machines. As the application start , 
third party software packages do not need to be supported, 
those being managed by Windows Azure services; only
the application itself needs to be supported. 
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Cloud Computing has attracted much attention from 
industry and academia in recent years. It has been 
developed to be a successful business model to share t e 
cost and resources among different companies and 
communities. How to effectively share the resources for a 
variety of applications with different characteristic  is still 
an open research problem. In this research, we propose to 
explore new scheduling strategies for workload-dynamic, 
real-time, data-intensive tasks on a Cloud Computing 
environment. Some key research questions are worth 
further studying, including how scalable Cloud 
Computing can offer to such data-intensive real-time 
applications, and what configuration we need to change on 
the Cloud server to meet the application’s requirements? 
We plan to investigate the challenges of deploying such 
applications on Cloud Computing environment and 
provide our insights to these questions. 
2.5 Applications for Mobile Device Using 
Cloud Infrastructure  
There have been a number of projects and papers 
addressing the opportunity of outsourcing mobile 
applications to improve performance or energy savings. 
The case for mobile outsourcing to the cloud to save 
energy has been made [14] and the trade-offs of 
computation offloading in terms of energy usage have 
been investigated by Miettinen and Nurminen [12]. Since 
the cloud is so new, most of the prior work relevant to us 
concerns outsourcing of mobile applications to external 
server resources. The Spectra and Chroma projects have 
focused on compute-intensive interactive applications [5]–
[7]. Spectra supports coarse-grained full-application 
migration and the programmer identifies the objects 
eligible for remote execution. Chroma extends Spectra to 
allow pre-specified user tactics for adaptation and 
placement and the use of multiple servers. However, th  
application must provide methods for decomposition. In 
contrast, we treat the application as a black-box and 
consider the interaction between multiple applications. 
Other projects are based on virtualization. Chun and
Maniatis present the idea of full VM cloning of a mobile’s 
image to a remote server at a very coarse-grain level, but 
no implementations have been evaluated [6]. Cloudlets 
allow a dynamic outsourcing of a VM to a local “cloud” 
(server at a network access point) to promote network 
locality vs. a commercial cloud [10]. However, the VM 
transfer/load times may compromise the low response 
objective. Protium addresses the issue of session mobility 
and universal data access from any client [15]. Slingshot 
evaluated the use of a surrogate running at a hotspot 
coupled with a remote server [11]. 
The idea is to use the hotspot for outsourcing when 
Internet connections between it and the server are poor but 
to use the remote server when the user is moving and 
connection to the hotspot is lost. Our approach is more 
general and considers a wider-range of resource 
availability beyond networking. Compiler-assisted 
approaches have also been proposed [16]–[9] – [13]. 
These works are limited either to static mapping decisions 
or single application optimization only. Wang considered 
dynamic placement but only the metric of energy is used 
and is limited to single applications [9]. Diet uses a Java-
based program analyzer which can partition Java 
programs at the method-level [13].  
2.6 Voice Picking  
A pick to light or light directed system is suitable for a 
warehouse in which pickers need to move fast and 
accurate between multiple picking locations. This sy tem 
can improve employee capabilities. In this system lights 
will be placed directly above the racks from where 
operators pick items. Barcodes are placed on the picking 
containers which represents the customer order. 
Depending on the order, operators will pick an item from 
the bin.  The quantity of the order will be displayed by 
lights above the bins. The operator will press light indictor 
above the bin after picking an item. This will confirm the 
pick. Picking of the order is complete when there ar  no 
lights illuminated [31].  In this system, quantity of the 
order will be displayed constantly. The implementation of 
voice picking method costs about $ 188,000 and annul 
savings approximate $ 33,683.9 per year. The payback 
period takes up to six months and twenty one days. 
2.7 Pick to Light 
This process utilizes speech recognition software and 
voice direction which allows workers to communicate 
within warehouses. In this system, operators use a h adset 
which is connected to small portable computer. This 
computer will guide the operator within the warehouse by 
verbal commands. Once tasks are done, operators will 
confirm their tasks by speaking and reading confirmation 
codes which are printed on products or location. The 
operators need to confirm their tasks by reading codes 
instead of scanning bar codes and entering key 
information [31]. Pick to light implementation costs up to 
$300,000 and this option saves up to $342,210 per yea . 
The payback period is within ten months and six days. 
2.8 Mobile RFID Warehouse management 
System based on Cloud Computing  
Currently there have been WMS suppliers who are 
looking to move to an open source architecture that allows 
the users to capitalize on cloud computing. But they do 
not adequately address the complexity problem nor do 
they discount the cost of the WMS. In fact when they 
move to a transaction based model it costs the small 
companies more than the large company as a percent to 
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sales volume. We propose leveraging the cloud as needed 
and finding that point when it makes sense. We alsodo 
not propose a more complex system when it does utilize 
cloud computing. We seek to design a mobile application 
that initially will provide only the need functionality 
necessary for the small business that has the capability of 
updating architecture first with the less complex WMS 
and maybe later if necessary to the more robust WMS 
system. 
3. Methodology 
For a particular distribution center (DC) setting (layout/ 
order picking system), we are interested in determining if 
the cloud infrastructure based warehouse picking system 
is significant in reducing the total cost and item pick time 
in a day. A particular picker may pick in different ways. If 
pickers pick many items per picking tour then total labor 
hours for that day may be less resulting in less labor cost. 
However, the picking methods of each picker may 
diverge. Hence, by observing a 40 day data for a particular 
DC on three different picking methods; Voice Picking, 
Pick to light and Mobile RFID WMS System based on 
Cloud Computing and conventional picking methods, we 
came up with the following hypothesis. 
Hypothesis No. 1 
Ho: Mobile RFID Warehouse management System based 
on Cloud Computing doesn’t reduce item pick time. 
H1: Mobile RFID Warehouse management System based 
on Cloud Computing reduces item pick time.  
 
Hypothesis No. 2 
Ho: Mobile RFID Warehouse management System based 
on Cloud Computing doesn’t result in cost savings. 
H1: Mobile RFID Warehouse management System based 
on Cloud Computing results in cost savings. 
Figure 2 presents the architecture of the mobile RFID 
Warehouse management System based on Cloud 
Computing. The system consists of mobile client sofware 
to deal with RFID data from warehouse operations, ad  
Cloud based data center to handle intensive database 
transactions. The pervasive mobile computing application 
for WMS and explore how to best schedule real-time 
WMS transactions on the dynamic configurable, 
heterogeneous Cloud Computing environment. The WMS 
cloud scheduler will dynamically reconfigure the 
resources and schedule tasks based on the current requests 
demand, client budget, and system loads. 
Figure 2.The Proposed Mobile RFID Warehouse Management System on Top of Cloud Computing 
The diagram shows the interconnection between 
automatic devices such as RFID with Cloud based system. 
Traditionally, RFID technologies have been used in 
warehouse operations for automated inventory 
information. However, the volume of data generated with 
RFID technology is humongous, mandating an 
investigation of the database size and optimization of data 
transfer between the database and the smart phone. The 
memory capacity of the smart phones is limited, andit is 
necessary to develop an efficient decision-making 
protocol to provide the most critical information for the 
end user. We envision that the outcome of this research 
will be a series of decision options for supervisors to 
effectively schedule work based on real-time information 
from the RFID system on activity, inventory and operator 
location. 
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To identify the key functionalities of warehouse 
processes both from development and end user 
perspectives and also to develop a mobile application for 
operational efficiency, an advisory board consisting of 
warehouse management experts and users will provide 
input on work scheduling, manpower planning, and RFID 
based inventory management. We are using value stream 
mapping to identify the key functionalities for the RFID 
based warehouse management system within our proposed 
Design for Six Sigma – Research (DFSS-R) methodology.  
Moreover, the standard application development tools 
including the Xcode 4 (for Apple smart devices), Android 
SDK and Eclipse (for Google Android smart phones), and
Visual Studio 2010 and Windows Mobile SDK (for 
Microsoft Mobile) will be used. The development of the 
application involves extensive coding to provide 
customization features for specific businesses.  
A set of the prototype smart device apps are expected to 
be delivered as a software platform for testing mobile 
(smart) devices in the warehouse management system. 
Our preliminary analysis conducted with our collaborating 
company tests of an open source system is that the syst m 
will be limited to approximately, 10 workers, 500 
inventory items, and less than 2,000 transactions per day.  
This system would support a small business and then 
would have to be scaled with server capacity. We would 
then have to adapt or enhance the application schema to 
work more like an open source system. 
 
Figure 3. Methodology for Mobile RFID Warehouse Management System based on Cloud Computing 
3.1 Activity 1  
Task cost model: We propose to use compiler analysis 
information to estimate the execution cost of a task nd 
create its related properties. The assumption of similar 
workloads of different tasks is not realistic for real 
applications. We need to create a methodology to estimate 
the execution cost of different kinds of tasks in a
application. A compiler can analyze a task (a region of 
code) statically to estimate its execution cost with 
symbolic representation and summarize its properties, 
such as computation intensive, memory intensive, I/O, and 
cache behaviors. The information is evaluated at run ime 
when a task is submitted to the Cloud scheduler. It is 
critical to obtain accurate information in order to schedule 
a task efficiently. We will also use historical information 
to correct task estimation. 
3.2 Activity 2  
Money cost model:  We will model the money cost using 
two scenarios: fixed budget and minimized cost with 
required performance. Since the Cloud is “pay for use,” 
the money cost is a key factor to attract users. We will 
also use it to select the two different scenarios and 
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schedule tasks accordingly. It is an additional parameter 
for the scheduler to take into consideration. 
 
3.3 Activity 3  
System Model: The scheduler needs to have a global view 
of the entire Cloud system and the ability to schedul  tasks 
to best utilize the variety of computing resources of a 
heterogeneous Cloud. Moreover, it should be able to 
reconfigure resources according to the real-time 
application demands. The system model will have the 
entire system configuration, as well as the current 
allocations of virtual machines/services. It provides the 
characteristics of different computing nodes on the 
heterogeneous system to let the scheduler to allocate tasks 
that are able to best utilize the computing resources on a 
virtual machines/services. It needs to promptly respond 
the dynamic real-time performance requirements by 
expanding or shrinking the resource allocation. It will 
invoke task/data/service migration. To Integrate with 
RFID WMS mobile app to test the scheduling efficieny 
on the PVAMU heterogeneous Cloud system.  The 
scheduler will evaluate a pool of current tasks based on 
these models to schedule them according to different 
policies. In this research paper, we will be able to get 
feedback from the user community to evaluate the 
algorithm efficiency, which is very valuable to scheduling 
algorithm improvement.We will seek to use the Cloud as a 
flexible component for the mobile phone application.  We 
seek to understand the limitations of the application 
working as standalone system with a minimal need for 
downloading information to the I-phone.  Once that 
limitation has been exceeded, we seek to enhance the need 
and capabilities of the mobile application by using a 
schema that allows the application to scale using server 
capacity and server software logic.  Given the opportunity 
for unlimited capacity that Cloud Computing may allow, 
we seek to test the limitations and opportunities of this 
technology. The traditional schema provided by an Apple 
application, we seek to identify the limitations ofthe 
system with respect to number of workers, the number of 
tasks, and the amount of inventory.  
3.4 Activity 4  
For Benchmarking the Cloud Computing Performance 
Categories Relative to Warehouse Management, an initial 
set of measures that are generic to cloud computing w ll 
be reviewed and used to guide the evaluation analysis. To 
date, a few of the measures that have been used to  
benchmark the performance of a cloud computing 
application are: (1) end-to-end response time and cching; 
(2) CPU performance; (3) storage I/O; (4) memory I/O; 
(5) network throughput and congestion; (6) computation l 
performance (CPU-intensive tasks); and (7) cost. To 
further refine benchmarking the warehouse management 
system application performance criteria, input from a 
Technical Working Advisory Group (TWAG) will be 
obtained. The TWAG will be 8-10 individuals consisting 
of cloud computing software subject matter experts 
(SMEs), engineering and computer science 
graduate/undergraduate students, and warehouse 
management stakeholders. Their role here is to formulate 
input on the integration of warehouse processes and cloud 
computing. This form of partnering will facilitate 
clarifying performance of the application as well as assist 
with developing specific and realistic warehouse scnarios 
to use in testing and measuring performance. Also, the 
TAWG will have a role to play in our research evaluation 
plan as well.   
A comprehensive analysis will be performed to 
compare results of three different types of picking 
processes. When testing the performance of cloud 
computing platforms, it is important to test multiple 
instances simultaneously, during different times of the 
day, and over multiple weeks to get a real measure of 
system performance. The reason is that the capacity of 
each cloud platform could vary dramatically given 
different times of day and load on the platforms. 
Ultimately, good resource-distribution algorithms, system 
architecture, and capacity planning will shine through in 
the performance results between platforms. It should be 
noted that the amount and timing of samples is important 
to get a measure of overall system performance for cloud 
platforms. 
The results for all test runs will be averaged, graphed, 
and compared. A cost analysis of the performance crit ria 
will be performed as well. This information will be shared 
with the TWAG for review and to seek input for 
incorporating changes.  
4. Results 
Multiple linear regression is used as tool in analyzing the 
significance of two predictor variables i.e. Number of 
Picks (X1) and Quantity of SKUs picked (X2) in 
determining the total labor cost. 40 days of data on above 
two factor variable and one response variable has been 
taken as a sample reference. It has been assumed and we 
take 0.01 as the statistical significance level. To check the 
applicability of MLR model preliminary correlation 
analysis of both the predictor variables were done f r each 
of the picking systems. X1 vs X2 plots for each picking 
system and the confirmation is done by the calculation 
following the plots. 
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Figure 4. Voice pick 
Figure 5. Pick to light 
Figure 6. Mobile RFID WMS System based on Cloud 
Computing 
Below table summarizes the Pearson Correlation 
Coefficient value between the two variables each case.
Table 1. Pearson Correlation Coefficient value
Picking method Rho (X1, X2)
Voice picking 0.64
Pick to light 0.6415
Mobile RFID WMS System 
based on Cloud Computing 
0.64
Since none of the correlation coefficient values are 
than 0.7 hence no serious problems of multi
are to be feared of (figure 6) and the Multiple Regression 
model can be continued. 












Below are the results of multiple linear regression one of 
the picking system setting. 
1. Voice picking system 
Let, 
L= Labor cost/ day 
X1 = Number of picks 
X2= Quantity of SKUs picked 
Regress L vs X1, X2 to get the P-
variables X1 and X2. Below is the ANOVA table after he 








Model 2 10224858 5112429










N picks 1 1.01258 0.06773
Quantity 1 0.02471 0.00066414
P- Value of F-Test (0.001), which is less than the level of 
significance assumed for the model, signifies that at least 
one of the factor variables is important. Also, 
from individual t- tests  of both the variables signifies that 
both of the variables are important and cannot be dropped 
from the model as both the values are less than lever of 
significance assumed. Hence Ho is r
confidence level. 
Similarly, Labor cost (L) is again regressed with other 
two factor variables X1 and X2 for Pick to light and Stock 
to picker systems. The ANOVA results are as summarized 
below: 






















   
 
 
t Value Pr > |t| 
000 14.95 <.0001 
 37.21 <.0001 
P-Values 
ejected at 99% 
 
P- Value for T-
Test for 





















0.0001 0.0032 0.0063 
 
From the P- values for F-Test above for both the 
picking systems we can conclude that at least one of the 
parameter is significant and further examining the P-
values or T- Test for each parameter, we see that both
values are less than the alpha value assumed for the model 
i.e 0.01. Hence we are  99% confident that both Number 
of picks (X1) and Quantities of SKU picked are 
significant in the proposed model and cannot be dropped.  
The null hypothesis were rejected in each of the picking 
system, we conclude that Quantities of SKU picked an
No. of picking tours done are both significant in 
determining the total labor cost for a particular warehouse 
setting. Hence, we have arrived that none of the cas s can 
be dropped from the model. 
As we need to make a choice for the particular order 
picking type based on solid financial reasons and as per 
DC management requirements our selection criteria is 
attractive payback period based on current requirements. 
We have conducted return on investment analysis and 
have got the following results.  
 
4.1 Mobile RFID Warehouse Management 
System based on Cloud Computing 
 
The Mobile RFID WMS System based on Cloud 
Computing implementation is expensive and demands a 
investment of $2,200,000. The Stock to pickers system 
provides annual cost savings of $643,141.93. The payback 
period is three years, five months and two days. 















5255.5 5239.74 2017.740 
Total Direct 
Labor Cost $ 
88986.8 88303.6 49702.80 
Software $ 0.00000 0.00000 200000.00 
Machine Cost $ 188000 300000 2000000.00 
Total Cost $ 276986.8 388303.6 2249702.2 
Savings for 40 
days $ 
43212.4 43895.6 82496.400 
Savings per 
year $ 
336883.9 342210.1 643141.93 
 
4      Conclusion 
Cloud computing is a large number of highly virtualized 
managed resources such as applications, data available to 
users over the web. This system is highly reusable, 
sustainable, scalable, and customizable. In our previous 
study, we found out that the efficiency of scheduling 
heavily depends on system workloads, data location and 
computation affinity [17], as well as tasks allocations [18]. 
In this research the developed methodology has helped 
understanding the activities of mobile RFID warehouse 
management system based on cloud computing to take 
decision and necessary action to improve the order picking 
and warehouse activities. Also, we have performed 
regression analysis to measure and compare the model 
validity of three different types of picking methods; voice 
picking, pick to light and the proposed method. Moreover, 
economic analysis has been used to estimate the annual 
savings respect to three different methods.  On Cloud, 
more factors need to be considered, such as budget, 
dynamic system configurations, and task and data 
migration. Moreover, we are working on research of 
programming and scheduling tasks on heterogeneous 
cluster equipped with combined multicore CPUs and 
GPGPUs [19]. This area needs to be further investigated 
in order to efficiently utilize the Cloud resources.         
The proposed system is being helpful for virtualization 
and simulation projects, experiments, clustering. The 
authorized users those are accessing remotely over the 
Internet; being provided the convenience of the usage and 
availability of advanced technology without physically 
being at the warehouse. With the help of RFID mobile 
warehouse management system, the warehouse process 
can be accessible from anywhere and anytime as long as 
the network connection exists. Cloud computing is a large 
number of highly virtualized managed resources such as 
applications, data available to users over the web. This 
system is highly reusable, sustainable, scalable, and
customizable.The analysis showed how the impact of 
location would affect the future layout of the warehouse. 
This research was built upon Cloud Computing based 
Mobile RFID Warehouse management System that were 
used for determining the ability of RFID of assisting in the 
automation of facility layout planning by using RFID 
Portal to optimize Systematic Layout Planning. We 
utilized a combination of a multiple linear regression 
approach by which a warehouse performance was 
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evaluated and the baseline for comparison was created and 
applied multiple linear regression approach for which we 
sought two basic objectives: one aims at minimizing the 
item pick time, while the other aims at maximizing cost 
saving.  
We theorize that we can build off of the results of the 
previous studies including our study with RFID based 
optimization of travel paths. We can extend the analysis 
from a RFID enabled system to a person holding a RFID 
enabled mobile device.  By using the information in a 
different way, we would capitalize on the layout of the 
facility to determine the optimal path for the person to 
travel and attain prioritized work tasks. 
 
References 
[1] National Academy of Science, National Academy of    
Engineering, Institute of Medicine, “Enhancing the 
Postdoctoral Experience for Scientists and Engineers: 
A Guide for Postdoctoral Scholars, Advisers, 
Institutions, Funding Organizations, and Disciplinary 
Societies,” National Academies Press. 2000. 
[2] MHI, “Material Handling Student Design 
Competition.” CICHME 01 October 2013 
http://www.mhi.org/cicmhe/competition, 06-30-2014 
[3] The Federation of American Societies for   
Experimental Biology, “Individual Development Plan 
for  Postdoctoral Fellows, “http://www.faseb.org/, 
07-10-2014 




[5] J. Flinn, S. Park, and M. Satyanarayanan. Balancing  
performance, energy, and quality in pervasive 
computing. In Proceedings of the 22nd International 
Conference on Distributed Computing Systems 
(ICDCS’02), Washington, DC, USA, 2002. IEEE 
Computer Society. 
[6] B. Chun and P. Maniatis. Augmented Smartphone  
applications through clone cloud execution. In 
Workshop on Hot Topics in Operating Systems 
(HotOS), 2009. 
[7] R. Balan, J. Flinn, M. Satyanarayanan, S.  
Sinnamohideen, and H. Yang. The case for cyber 
foraging. In  Proceedings of the 10th workshop on 
ACM SIGOPS European workshop (EW’10), pages 
87–92, New  York, NY, USA,  
2002. ACM. 
[8] R. Balan, M. Satyanarayanan, S. Park, and T. Okoshi.  
Tactics-based remote execution for mobile 
computing. In Proceedings of the 3rd international 
conference on Mobile systems, applications, and 
services (MobiSys ’03), pages 273– 286, 2003. 
[9] C. Wang and Z. Li. Parametric analysis for adaptive  
computation offloading. In Proceedings of the ACM 
SIGPLAN 2004 conference on Programming 
language design and implementation (PLDI ’04), 
pages 119–130, NY, USA, 2004. ACM. 
[10] M. Satyanarayanan, P. Bahl, R. Caceres, and N.  
Davies. The case for vm-based cloudlets in 
mobilecomputing. IEEE Pervasive Computing, 8:14–
23, October 2009. 
[11] Y. Su and J. Flinn. Slingshot: deploying stateful  
services in wireless hotspots. In MobiSys ’05: 
Proceedings of the 3rd International conference on 
Mobile systems, applications, and services, pages 79–
92, New York,NY, USA, 2005. ACM. 
[12] P. Miettinen and J. K. Nurminen. Energy Efficiency 
of  
Mobile Clients in Cloud Computing. In HotCloud’10, 
2010. 
[13] S. Kim, H. Rim, and H. Han. Distributed execution 
for  
resource-constrained mobile consumer devices.IEEE 
Transactions on Consumer Electronics (TCE), 
55(2):376–384, May 2009. 
[14] K. Kumar and Y. Lu. Cloud computing for mobile  
users. IEEE Computer, 99(PrePrints), 2010. 
[15] Y. Lakshman and C. Young. Protium, an 
infrastructure  
for partitioned applications. In Workshop on Hot 
Topics in Operating Systems (HotOS), 2001.  
[16] Z. Li, C. Wang, and R. Xu. Computation offloading 
to save energy on handheld devices: a partition 
scheme.  
In Proceedings of the 2001 international conference 
on Compilers, architecture, and synthesis for 
embedded systems (CASES’01),pages 238–246, New 
York, NY, USA, 2001. ACM. 
[17] Lei Huang, Haoqiang Jin, Liqi Yi and Barbara  
Chapman, ``Enabling Locality-Aware Computations 
in OpenMP'', Journal of Scientific Computing, 2010 
[18] Haoqiang Jin and Rupak Biswas and Dennis 
Jespersen  
and Piyush Mehrotra and Lei Huang and Barbara 
Chapman, ``High Performance Computing Using 
MPI and OpenMP on Multi-core Parallel Systems, 
Parallel  
Computing, 2010 
[19] L. Chen, L. Liu, S. Tang, L. Huang, Z. Jing, S. Xu, D.  
Zhang, ``Unified Parallel C for GPU Clusters: 
Language Extensions and Compiler Implementation,'' 
Proceeding of the Workshops on Languages and 
Compilers for Parallel Computing (LCPC 2010), Oct. 
7-9, Houston, TX 
[20] Matei Zaharia, Andy Konwinski, Anthony D. Joseph,  
Randy Katz and Ion Stoica, “Improving Map Reduce 
Performance in Heterogeneous Environments,” UC 
Berkeley, 2008 
[21] Hadoop Project:  
http://wiki.apache.org/hadoop/ProjectDescription 
1160518 
[22] Marasinghe, Mervyn G. "A multistage procedure for  
detecting several outliers in linear regression."  
Technometrics 27.4 (1985): 395-399. 
[23] Lafi, S. Q., and J. B. Kaneene. "An explanation of the  
use of principal-components analysis to detect and 
correct for multicollinearity." Preventive Veterinary 
Medicine 13.4 (1992): 261-275. 
Int. J Sup. Chain. Mgt  Vol. 3, No. 4, December 2014 
 
90 
[24] Nachtsheim, Christopher J., John Neter, and William  
Li. "Applied linear statistical models”,2005 
[25] deKoster, René, Tho Le-Duc, and Kees Jan  
Roodbergen. "Design and Control of Warehouse 
Order Picking: A Literature Review." European 
Journal of Operational Research 182.2 (2007): 481-
501. 
[26] Dallari, Fabrizio, Gino Marchet, and Marco Melacini.  
"Design of Order Picking System." The International  
Journal of Advanced Manufacturing Technology 
42.1: 1-12, 2009. 
[27] Stevens, G. T. The economic analysis of capital  
expenditures for managers and engineers. Needham  
Heights, MA: Simon & Schuster Custom Pub, 1994 
[28] Billy Gray, Erick C. Jones, Yvette Weatherton, Restu  
Sunarto-Bussey, Harrison Armstrong “Utilizing  
Pipeline Quality and Facility Sustainability to 
Optimize Crude Oil Supply Chains” The International 
Journal of Supply Chain Management Vol.2, 2013. 
[29] Muhammad Jiyad Shaikh “IT Revolutionizing the 
Supply chain Transformation: A Case Study of 
Unilever Pakistan Ltd.” The International Journal of 
Supply Chain Management Vol.2 No. 1, 2013. 
[30] Shatina Saad, Zulkifli Mohamed Udin, Norlena  
Hasnan “Dynamic Supply Chain Capabilities: A Case  
Study in Oil and Gas Industry” The International 
Journal of Supply Chain Management Vol.3 No. 2, 
2014. 
[31] Frazelle, Edward. “World-class Warehousing and  
Material Handling.” New York: McGraw-Hill, 2001 
[32] Y. Buckchin, R. Meller, Q. Liu, “Assembly System  
Facility Design”, IIE Transactions, Vol 38, pp.53-65, 
2006. 
[33] A. Hammad, “ A Decision Support System for 
Manufactured Housing Production Process Planning 
and Facility Layout”, PhD Thesis, University of 
Cincinnati, 2003  
[34] L. Quian, Z. Luo, Y. Du, L. Guo, “Cloud Computing: 
An Overview”, Lecture Notes in Computer Science, 
Vol 5931, pp.626-631, 2009. 
 
[35] Y. Buckchin, R. Meller, Q. Liu, “Assembly System  
Facility Design”, IIE Transactions, Vol 38, pp.53-65, 
2006. 
[36] A. Hammad, “ A Decision Support System for 
Manufactured Housing Production Process Planning 
and Facility Layout”, PhD Thesis, University of 
Cincinnati, 2003 
[37]  L. Quian, Z. Luo, Y. Du, L. Guo, “Cloud Computing: 
An Overview”, Lecture Notes in Computer Science, 
Vol 5931, pp.626-631, 2009 
